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$\Omega$ , $\Gamma$ $T$
$t=0$ $T$ $t=0$ $\Omega$
$\Omega_{k}^{0},$ $k=1,2$ ,
$\partial\Omega_{1}^{0}\cap\partial\Omega_{2}^{0}$ $\Gamma_{12}^{0}$ $\Gamma_{12}^{0}$ 2 1
$t\in(0,T)$ $k,$ $k=1,2$ , $\Omega_{k}(t)$ ,
$\Gamma_{12}(t)$ $k,$ $k=1,2$ , $\rho_{k}$ $\mu_{k}$
$u:\Omega\cross(0, T)arrow R^{2}$ , $p:\Omega\cross(0, T)arrow R$
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$/\backslash \backslash \backslash \backslash _{\backslash _{\backslash }}\bullet,//\backslash \backslash //’/’\backslash \prime^{\mathfrak{l}}$
$/’/^{1}$
$\backslash \backslash _{\backslash }\backslash \backslash$
$t\cdot\overline{0}$
1:
$\Omega_{k}(t),$ $k=1,2,$ $t\in(0, T)$ , Navier-Stokes
$\rho_{k}\{\frac{\partial u}{\partial t}+(u\cdot\nabla)u\}-\nabla[2\mu_{k}D(u)]+\nabla p=\rho_{k}f$ , (1)
$\nabla\cdot u=0$ , (2)
$f$ : $\Omega\cross(0, T)arrow R^{2}$
$D(u)$
$D_{ij}(u)= \frac{1}{2}(\frac{\partial u_{i}}{\partial x_{j}}+\frac{\partial u_{j}}{\partial x_{i}})$
$\Gamma_{12}(t),$ $t\in(0, T)$ ,




$\Gamma,$ $t\in(0, T)$ ,
$u=0$ (4)
$u\cdot n=0$ , $D(u)n\cross n=0$ (5)
$t=0$
$u=u^{0}$ (6)
$x:[0,1]\cross(0,T)arrow R^{2}$ , $(u,p)$ : $\Omega\cross(0,T)arrow R^{2}\cross R$
38
$t\in(0, T)$
$\frac{\partial\chi}{\partial t}=u(\chi, t)$ , $(s\in[0,1])$ (7)
(1) (2) $\Omega_{k}(t),$ $k=1,2$ , (3), (4) (5),
(6)
$\chi(\cdot, 0)=\chi^{0}$ (8)
$\chi^{0}$ : $[0,1]arrow R^{2}$ $\Omega$ $t$
$\chi(1, t)=\chi(0, t)$
$C(t)=\{\chi(s, t);s\in[0,1]\}$










$(\chi, \rho, \mu, u,p):(0, T)arrow X\cross\Phi\cross\Phi\cross V\cross Q$.
$X_{h},$ $\Phi_{h},$ $V_{h}$ $Q_{h}$ $X,$ $\Phi,$ $V$ $Q$ $\triangle t$
$N_{T}=\lfloor T/\triangle t\rfloor$ $t=n\triangle t$ $\chi_{h}^{n},$ $\rho_{h}^{n},$ $\mu_{h}^{n},$ $u_{h}^{n}$ $p_{h}^{n}$ $X_{h},$ $\Phi_{h}$ ,
$\Phi_{h},$ $V_{h}$ $Q_{h}$
$\Omega$
$\Phi_{h},$ $V_{h}$ $Q_{h}$ $P1,$ $P2$ $P1$
$n$ $X_{h}$
$\{s_{i}^{n}\in[0,1];i=0, \cdots, N_{x}^{n}\}$ $s_{0}^{n}=0$ , $s_{N_{x}^{n}}^{n}=1$
$\{\chi_{h}^{n}(s_{i}^{n});i=0, \cdots, N_{x}^{n}-1\}$
39
$N_{x}^{n}$ $n$ $X_{h}(N_{x}^{n})$ $N_{x}^{n}$
$X_{h}$ $\overline{D}_{\Delta t}$
$\overline{D}_{\Delta t}u_{h}^{n}=\frac{u_{h}^{n}-u_{h}^{n-1}}{\Delta t}$
$\{(\chi_{h}^{n}, \rho_{h}^{n}, \mu_{h}^{n}, u_{h}^{n},p_{h}^{n})\in X_{h}\cross\Phi_{h}\cross\Phi_{h}\cross V_{h}\cross Q_{h};n=1, \cdots, N_{T}\}$
$\frac{\tilde{\chi}_{h}^{n}-\chi_{h}^{n-1}}{\Delta t}$
$\{\begin{array}{ll}u_{h}^{n-1}(\chi_{h}^{n-1}), \forall s_{i}^{n-1}, n=1\frac{3}{2}u_{h}^{n-1}(\chi_{h}^{n-1})-\frac{1}{2}u_{h}^{n-2}(\chi_{h}^{n-1}-\Delta tu_{h}^{n-1}(\chi_{h}^{n-1})), \forall s_{i}^{n-1}, n\geq 2,\end{array}$ (9a)
$\chi_{h}^{n}=\mathcal{X}_{h}(\tilde{\chi}_{h}^{n}, A_{h}^{0})$ , (9b)
$\rho_{h}^{n}=\mathcal{R}_{h}(\chi_{h}^{n})$ , $\mu_{h}^{n}=\mathcal{M}_{h}(\chi_{h}^{n})$ , (9c)
$( \rho_{h}^{n-1^{-}}D_{\Delta t}u_{h}^{n}+\frac{1}{2}u_{h}^{n}\overline{D}_{\Delta t}\rho_{h}^{n},v_{h})+a_{1}(\rho_{h}^{n},u_{h}^{n-1}, u_{h}^{n}, v_{h})+a_{0}(\rho_{h}^{n},u_{h}^{n},v_{h})$
$+b(v_{h},p_{h}^{n})+\triangle td_{h}(u_{h}^{n},v_{h};C_{h}^{n})=(\rho_{h}^{n}\Pi_{h}f^{n},v_{h})-d_{h}(\chi_{h}^{n},v_{h};C_{h}^{n})$,
$\forall v_{h}\in V_{h}$ , (9d)
$b(u_{h}^{n}, q_{h})=0$ , $\forall q_{h}\in Q_{h}$ . (9e)
$\chi_{h}^{0}=\Pi_{h}\chi^{0}$ , $\rho_{h}^{0}=\mathcal{R}_{h}(\chi_{h}^{0})$ , $u_{h}^{0}=\Pi_{h}u^{0}$ , (10)
$\Pi_{h}$ Lagrange
$(9a)-(9e)$ 4 $A_{h}^{0}$ $\chi_{h}^{0}$
1 $n\geq 2$ $(\chi_{h}^{n-1}, u_{h}^{n-1}, u_{h}^{n-2})\in X_{h}(N_{x}^{n-1})\cross V_{h}\cross V_{h}$
$n=1$ $(\chi_{h}^{0}, u_{h}^{0})\in X_{h}(N_{x}^{0})\cross V_{h}$ (10) (9a)
$\tilde{\chi}_{h}^{n}$
$(\chi_{h}^{n-1}, u_{h}^{n-1},u_{h}^{n-2})arrow\tilde{\chi}_{h}^{n}\in X_{h}(N_{x}^{n-1})$ , $n\geq 2$
$(\chi_{h}^{0}, u_{h}^{0})arrow\tilde{\chi}_{h}^{1}\in X_{h}(N_{x}^{0})$ , $n=1$ .
(9a) $n\geq 2$ (7) Adams-Bashforth $n=1$ Euler
2 (9b) $\chi_{h}^{n}$
$(\tilde{\chi}_{h}^{n}, A_{h}^{0})arrow\chi_{h}^{n}\in X_{h}(N_{x}^{n})$ .
$\tilde{\chi}_{h}^{n}$










4 (9d) (9e) $u_{h}^{n}$ $p_{h}^{n}$
$(\chi_{h}^{n}, \rho_{h}^{n}, \mu_{h}^{n}, \rho_{h}^{n-1}, u_{h}^{n-1})arrow(u_{h}^{n},p_{h}^{n})\in V_{h}\cross Q_{h}$.
(9d) $(\cdot,$ $\cdot)$ $L^{2}(\Omega)^{2}$
$a_{1}( \rho, w, u, v)=\int_{\Omega}\frac{1}{2}\rho\{[(w\cdot\nabla)u]\cdot v-[(w\cdot\nabla)v]\cdot u\}dx$ , (11)
$a_{0}(p, u, v)= \int_{\Omega}2\mu(\rho)D(u):D(v)dx$ ,
$b(v, q)=- \int_{\Omega}(\nabla\cdot v)qdx$ ,
$d_{h}( \chi, v;C_{h})=\sum_{i=1}^{N_{x}}\sigma_{0}\overline{D}_{\Delta s}\chi_{i}\cdot\overline{D}_{\Delta s}v_{i}\frac{(s_{i}-s_{i-1})^{2}}{|\chi_{i}-\chi_{i-1}|}$ ,
$C_{h}^{n}$ $\chi_{h}^{n}$ $d_{h}$
$C$






$a=0.3$ , $b=0.2$ ,
$A_{i},$ $i=1,$ $\cdots,$ $8$ ,
$c=1.1$ , $r_{0}=1- \frac{1}{c}$
$A_{1}(- \frac{1}{2}+r_{0},0),$ $A_{2}( \frac{1}{2}-r_{0},0)$ , $A_{3}( \frac{1}{2}, r_{0})$ , $A_{4}( \frac{1}{2},2-r_{0})$ ,
$A_{5}( \frac{1}{2}-r_{0},2)$ , $A_{6}(- \frac{1}{2}+r_{0},2),$ $A_{7}(- \frac{1}{2},2-r_{0}),$ $A_{8}(- \frac{1}{2}, r_{0})$
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2: $\Omega$
curve $(A_{2}A_{3})= \{(x_{1},x_{2});x_{1}=\frac{1}{2}-r_{0}+r_{0}\cos\theta,x_{2}=r_{0}+r0\sin\theta,\theta\in[\frac{3}{2}\pi, 2\pi]\}$
curve$(A_{3}A_{4})=\{(x_{1},x_{2});x_{1}=a+b\cos\pi(c(x_{2}-1)+1)\}$ .
curve $(A_{4}A_{5})= \{(x_{1}, x_{2});x_{1}=\frac{1}{2}-r_{0}+r_{0}\cos\theta,x_{2}=\frac{1}{2}-r_{0}+r0\sin\theta,\theta\in[0, \frac{1}{2}\pi]\}$
$x_{1}=0$
$\chi^{0}(s)=(r_{1}\cos 2\pi s,d+r_{1}\sin 2\pi s)$ , $r_{1}=0.3,$ $d=1.65$
1 $\Omega_{1}^{0}$ $\Omega_{2}^{0}$
$u^{0}=(0,0)^{T}$ , $f=(0, -1)^{T}$ .








$///|\backslash _{\backslash }\backslash _{\backslash }\backslash \backslash \backslash \backslash$
$\overline{0}-/$
3: $t=0,32,$ $\cdots,$ $224$ ( ).
4: $t=48,50,$ $\cdots,$ $62$ ( ).
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$(\rho_{1},\mu_{1})=(1,1)$ , $(\rho_{2},\mu_{2})=(100,2)$ , $\sigma_{0}=0.1$
$T$ , $\Delta t$ , $N_{T}$
$T=300$ , $\triangle t=\frac{1}{4}$ , $N_{T}=1,200$
3 $t=0$ $t=224$ 32 4
$t=48$ $t=62$ 2 7( )
$N_{x}^{n}$
$\min N_{x}=183$ , $\max N_{x}=639$ , aver$N_{x}=339$
4.3
(5)
$(\rho_{1},\mu_{1})=(1,1)$ , $(\rho_{2},\mu_{2})=(100,2)$ , $\sigma_{0}=1.0$ .
$\sigma_{0}$ 10 $\Delta t$ ,
$N_{T}$
$T=200$ , $\triangle t=\frac{1}{16}$ , $N_{T}=3,200$
2 2
$\Delta t$ 5 $t=0$ $t=175$ 25
6 $t=87.5$ $t=98.0$ 15
7( )
$N_{x}^{n}$








5: $t=0,25,$ $\cdots,$ $175$ ( ).
6: $t=87.5,89.0,$ $\cdots,$ $98.0$ ( ).
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$0\iota^{m}E_{0}y$ $0\theta Ener*y$
7: ( ) ( ).
8: 2 $x_{1}$ ( ) ( ).
$x22^{-}$
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